Objective: The purpose of this research was to check if the numeric facial analysis can determine facial attractiveness.
INTRODUCTION
Since the beginning of the 20th century, it has been observed in Orthodontics a great concern about esthetics, especially involving concepts of balance and facial proportions. 2, 21, 27 Beauty criteria are highly subjective, reflecting cultural peculiarities of a population, the region where they live and a determined period of time. 11 Over the years there were significant changes in facial esthetic standards, so orthodontists must be updated about what the population considers an ideal face. 20 From the patient's point of view, esthetics is the main motivation for seeking orthodontic treatment. 26, 28 For this reason it is recommended that orthodontic treatment is planned starting from a global evaluation of the face, paying attention to esthetic necessities as well as to cephalometric and functional matters.
Through diagnosis, the professional must try to identify the unpleasant facial characteristics which can be improved with the orthodontic treatment, as well as the aspects considered pleasant and must be preserved during treatment. It is important, however, that this evaluation consider the ethnical and personal characteristics of the patient, trying to use the same esthetic evaluation parameters of the patient and the society in which he belongs.
Several studies were developed focusing both numerical and subjective facial analysis, Aiming to establish reference values for facial measurements and to verify esthetical tendencies of the studied populations. 1, 3, 4, 5, [7] [8] [9] [10] [11] 16, 22, 23, 26 Some authors evaluated esthetics through clinical exams and measurements directly on the face. 3, 8, 25 Studies with laser scanning techniques 16 and computerized methods 1 7,1 8 were also performed. Other authors chose to use facial photographs to evaluate esthetics, 4, 9 considering that photographs allow a more accurate evaluation of measurements and proportions, which would be difficult directly on the face.
Photographs allow the observation of harmonious relation between soft and hard facial tissues, also considering adipose tissue, besides not exposing the patient to radiation and having a very low cost. 9 This study was developed to evaluate facial at-tractiveness and facial characteristics of women in a frontal view through standardized photographs, in order to: 1) Characterize the studied sample according to subjective concepts of facial esthetics in esthetically pleasant, esthetically acceptable and esthetically unpleasant, considering frontal and lateral photographs together. 2) Verify agreement level between subjective evaluations conducted by orthodontists, plastic artists and laypeople. 3) Verify the possible differences between means of the variables proposed in the three studied groups, considering only frontal photographs. 4) Verify whether the numerical frontal facial analysis is sensitive to detect facial attractiveness.
MATERIAL AND METHODS Material Sample
The present study was part of a series of performed researches with the objective of studying the facial esthetics in women, applying several facial analysis, both numerical and proportional.
Standardized facial photographs from 85 individuals of female gender,Brazilians, Caucasians, living in the city of Curitiba, from 18 to 30 years old, without previous facial plastic surgery were used. The mean age of the sample was of 23 years and 9 months ± 3 years and 2 months. All individuals voluntarily participate in the research and signed a Term of Informed Free Consent, which informed them about the study intentions.
Methods

Photographs
To obtain the photographs (frontal and lateral) individuals were sat and, looking directly to the eyes reflected in the mirror in front of them, 6, 14, 30 keeping an upright and normal posture, with both arms free along the body. 9 This position corresponds to the "Broca's Natural Head Position".
Behind individuals were placed a white screen to standardize the background, this way the ambiance would not influence photographs evaluation. For true vertical reference it was used a plumbline. 14 The camera was placed on a Vivitar tripod to stan-dardize the distance between it and the individual, also avoiding undesirable movements of operator while taking photographs. Configuring the camera, focal length, Shutter Speed and lens aperture were, respectively, 1.70 m, 1/200 and F 29. It was used ring flash as source of light. 5, 22, 26 To verify correlation between real measurements and measures from the photographs, two reference points were marked in the forehead of 5 individuals distancing 1 cm from each other. 5 After photographs revelation, the marks were measured and the value of 0.4 cm was obtained. It could be concluded in this sample that photographs corresponded to 40% of the real size. The photographs were printed in the same QLab studio (international Kodak quality standard) in 10 x 15 cm size, color, matte paper.
Method of sample classification
The photographs were presented to 15 examiners divided into 3 groups: 5 specialists in Orthodontics, 5 laymen in Orthodontics and not related to the arts and 5 plastic artists. The mean age of evaluators was 44 years and 8 months ± 10 years and 8 months.
Evaluators were instructed to assign a value ranging from 1 to 9 to each participant using their own esthetics criteria, always considering the two photographs together. Value 1 meant the lowest facial attractiveness and 9 the highest level os facial attractiveness. They were instructed to do all evaluations at the same time.
After results tabulation, it was calculated the means for each one of the 85 individual and they were classified into 3 groups according to the facial attractiveness, being: » Group 1: Esthetically pleasant (score 1, 2, 3 or 4); » Group 2: Esthetically acceptable (score 5 or 6); » Group 3: Esthetically pleasant (score 7, 8 or 9).
Facial analysis
The photometric tracings were performed only in frontal photographs, by the same trained observer, not from the group in charge of subjective evaluations, using a computerized method. For this purpose, it was used the software Radiocef Studio 2®, in which was developed a frontal facial analysis with the Mixcef tool.
The photographs were saved in JPEG format and uploaded directly to the software, with 300 dpi resolution. Aiming a better identification of the points, the software had also a tool for enlarging the image, which was used by the professional when it was needed.
Photometric points
Photometric points used are displayed in Figure 1 .
Linear measures
Linear measures are represented in Figures 2, 3 and 4, with its descriptions.
Proportional measures
1) Facial index: Is the proportion between the facial height (N'-Me') and the upper facial width (Zid'-Zie') ( Fig 5) .
The Facial Index determines the facial type and is calculated this way:
facial height x 100 upper facial width 2) Facial Height Proportion: The proportion between Middle facial height (Gl'-Sn) and lower facial height (Sn-Me') ( Fig 5) .
Angular measures
Angular measurements used are shown in Figures  6 and 7 , with their respective descriptions.
For the angle of facial symmetry the midline of the face was defined by the nasion (N') and filter (F).
Statistical Analysis
Comparisons between numerical measurements obtained in the 3 groups (esthetically pleasant, acceptable and unpleasant) were performed using ANOVA and Kruskal-Wallis test, with the software "Primer of Biostatistics" The significance level was of 5% (p < 0.05).
To verify concordance level between evaluations of different groups, Kappa index was used and the percentage of reviewers agreeing by the Minitab software, 2007 version (www.minitabbrasil.com.br).
Error of method evaluation
The Error of method analysis was performed by repeating the marking points of the same operator, followed by measurement of factors by Radiocef Studio 2 software and 20 photographs of the sample, randomly selected. The interval between evaluations was of 1 week.
To check the systematic error, data obtained from first and second measurements were submitted to Student's t test and to Wilcoxon test for paired samples, significance level of 5%. To evaluate casual error, the Dahlberg formula was used. 
RESULTS
The data found in this research will be described and presented in tables 1 to 5.
Considering all the evaluators together (five orthodontists, five artists and five laymen), the mean score was calculated for each photograph, ranging from 1 to 9. At this point, it were added the 15 marks given for each individual and calculated the mean value obtained by dividing the sum by the total number of evaluators who constituted the group, disregarding the first decimal point by rounding the scores to the nearest integer value. Thus, to each participant it was given only one score mean, regardless the group of evaluators.
From the mean scores individuals were divided into 3 groups according to the degree of facial attractiveness. Group 2, corresponding to esthetically acceptable, was the one which contemplated the highest percentage of participants, 70.6% (Table 1) .
To check the agreement level between the classifications made by different groups of evaluators (orthodontists, artists and laymen) it was used the Kappa Index of Agreement and the percentage of concordant evaluators. It was observed that the lower concordance was found between laymen and orthodontists, and the highest among laymen and plastic artists ( Table 2) .
Seventeen linear measurements, 2 proportional and 4 angular, were performed on the groups presented in Tables 3-5 . Comparing the means, it was found that only 3 of these variables were statistically significant different, 1 being linear (extension of the lower lip vermilion border) and two angular (angle of facial aperture modified and V angle). In the other measurements no statistically significant differences were found.
DISCUSSION
Beauty is represented by balance and harmony of facial proportions, including skeletal structures, teeth and soft tissues of the face. Orthodontic treatment frequently aims to preserve our increasing facial characteristics through visible changes on soft tissues. It is important to perform a global evaluation of face, paying attention to the patient´s esthetical necessities and not only to the functional and cephalometric matters. This study was developed to evaluate facial attractiveness and the characteristics of female faces in a frontal view through numeric facial analysis.
Concept
Regarding the attractiveness, the sample was characterized by 16 individuals esthetically unpleasant (18.8%), 60 esthetically acceptable (70.6%) and 9 esthetically pleasant (10.6%), indicating predominance of the esthetically acceptable standard, which was also found by other authors. 11, 21, 23 The smaller group in this study was the esthetically pleasant, just like in the study of Reis 23 and Morihisa, 15 demonstrating how hard are the beauty standards imposed by society, many times looking for unreachable ideals.
Facial esthetic is very subjective, thus to perform a reliable rating, the evaluator group has to be as numerous and heterogeneous as possible, trying to avoid individual influences, being composed by people from different academic contexts. In most researches found in literature it were selected orthodontists, plastic artists and/or lay people to evaluate the esthetics of the sample. 7, 10, 11, 12, 13, 15, 23, 29 Following these orientations, in this research the evaluator group selected to classify the sample was composed by 5 orthodontists, 5 plastic artists and 5 lay people of both genders.
Study of face pleasantness using facial analysis in standardized frontal photographs original article The agreement level between evaluators was assessed through Kappa index and also by the percentage of concordant evaluators, comparing groups in pairs. Agreement between lay people and orthodontists was considered poor by the Kappa index (-0.0364), indicating only 21.2% of agreement. Between lay people and artists and then between artists and orthodontists there were a slight agreement, being respectively 0.2026 and 0.1703, corresponding to 41.2% and 38.8% of concordants. So it can be noticed that the lowest agreement was between lay people and orthodontists and the highest between lay people and plastic artists.
The obtained data show that there is little agreement between evaluation, suggesting that the criteria of esthetic appreciation are really subjective, (1) ANOVA. confirming the findings of Martins, 11 besides showing a tendency of orthodontists being more complacent, giving higher scores to the participants. A possible explanation would be the concern of orthodontist with the symmetry, balance and facial proportions, not only with isolated shapes. Other factor is the fact that orthodontists know the facial limitations, being capable to recognize pleasant characteristics even among small imperfections. In this research the laymen were the most critical on the evaluation and the plastic artists assigned intermediate scores.
The more specialized and related to esthetics the evaluator groups, the higher were the scores assigned to the sample. However, these findings disagree with those presented in a study evaluating the attractiveness of facial profile and stated that, in general, clinicians (orthodontists and maxillofacial surgeons) were more strict about facial esthetics than non-clinician (plastic artists and laymen), although all groups have agreed on the choice of most attractive profile. 31 Thus, for more conclusive results about the degree of agreement between the assessors and the tendency of esthetic judgment between groups with different areas of expertise, it is important to emphasize that the ideal would be a group with a larger number of participants than the used in this research.
Numeric facial analysis
In five variables it were found important differences and these were related to the lower facial third and the facial standard. In the group esthetically unpleasant it was observed a tendency to more elongated faces with increased lower third, which is considered very unfavorable to the facial balance, especially in female subjects.
In the present research the mean found for the vermillion extension of lower lip was of 10.95±1.73 mm. This variable presented higher values for the esthetically pleasant group, with a mean value of 12.01 ± 1.78 mm. For the esthetically acceptable and unpleasant groups, the means were respectively 11.3 9 ± 1.39 mm and 10.67 ± 1.74 mm. The difference found between values on the 3 groups was considered statistically significant. This fact can be explained by the current preference for more thick lips spread by media.
The lower lip length was higher on the groups esthetically unpleasant.
The general mean found was 46.18 ± 3,32 mm. In the esthetically pleasant group the mean was of 45.06 ± 3.99 mm. For esthetically acceptable and unpleasant groups the mean values were respectively 45.89 ± 3.14 mm and 47.89 ± 3.22 mm. However, there was no statistically significant difference The same way, the lower facial height was also higher for esthetically unpleasant group. In this research, the mean was 69.76 ± 4,89 mm. The mean value found for the esthetically pleasant group was of 67.85 ± 5.12 mm; in the esthetically acceptable group 69.45 ± 4.90 mm and in the esthetically unpleasant 72.02 ± 4.20 mm. It was not observed statistically significant difference. Both lower lip length and lower facial height were higher in the esthetically unpleasant group. These two variables are related to a long lower third of the face.
The facial aperture modified angle was lower in the esthetically unpleasant group, being that a significant difference. The mean value obtained in this study was of 44.07 ± 1.96°. In the pleasant group the mean was 44.88 ± 2.12°, in the acceptable group was 44.25 ± 1.70° and in the unpleasant was 42.92 ± 2.42°. Lower values for this angle indicate a longer and thinner face, what agrees with the results obtained for the lower lip length and for lower facial height that also showed a tendency of esthetically unpleasant group presenting longer faces.
The V angle is related to the facial type. A lower value indicates a longer face and a higher value indicates a wider face. This angle presented significant difference compared to other groups, being higher for the esthetically acceptable group, indicating a tendency for a more horizontal facial growth for the individuals composing this group.
It was not found any other statistically significant difference for the other variables when comparing the 3 groups. This result demonstrated that the numeric facial analysis used isolated was not able to detect the attractiveness standard since beauty criteria are subjective, being influenced by cultural, racial, age and gender factors. 11 This way, an orthodontic treatment just aiming to adequate to proposed standards by facial and cephalometric analysis do not guarantee an ideal beautiful face, but it is important that orthodontists and surgeons have the esthetics standards of orientation. 26, 27 Instead of seeking absolute values, the harmony, balance and proportionality associated to the esthetic perception of the patient should substantiate the diagnosis and treatment plan, so the esthetic benefits of the treatment is noticed by everyone. 2, 21, 24, 27, 29 
CONCLUSIONS
1) The sample was characterized by 16 individuals esthetically unpleasant 18.8%), 60 esthetically acceptable (70.6%) and 9 esthetically pleasant (10.6%), indicating dominance for the esthetically acceptable standard. 2) Obtained data showed little agreement between evaluation of orthodontists, plastic artists and lay people. The more specialized and related to esthetics the evaluator group, the higher were the scores assigned to the participants of the research. This way, orthodontists were the most complacent, followed by plastic artists, being the laymen the most critical evaluators. 3) In the evaluation of facial measurements, it was observed that in only 3 variables there were statistically significant difference, which were: Lower lip vermillion border, facial aperture modified angle and V angle. In two measurements it was observed adjacent probability: Lower lip length and anterior facial height. 4) The numeric facial analysis, when used isolated, seems to not be sensitive to detect attractiveness standards since they are highly subjective, being influenced by cultural, racial, age and gender factors.
